Abstract
The genus staphylococcus was given its name by Sir Alex Ogston, a Scottish surgeon, in

1881 when he observed grape-like clusters of bacteria associated with clinical infections. Three
years later, the German physician Anton Rosenbach isolated and grew these microorganismsin a
pure culture. He named them Staphyl ococcus aureus because of their golden color. S. aureus
remains one of the most important pathogens in clinical settings largely due to the rapidity of its
evolutionary response to treatment. The first antibiotic-resistant strains of S. aureus were isolated
only several years after penicillin was introduced commercially, and the subsequent history of
antibiotics has been driven by the evolving emergence of antibiotic resistance.

Our ability to control the rate at which resistance develops and spreads is predicated on
our understanding of the evolutionary biology of pathogens and the basic features of bacterial
populations, and while hospital acquired strainsof S. aureus have received a great deal of
attention, the distribution and virulence (ability to cause infection) of community-associated
strainsof S. aureus are not well-defined and few studies have assigned isolates of the bacteriato
known strains.

The objectives of this study were to collect, isolate and characterize samples of S. aureus
from areas utilized by midshipman athletes at the United States Naval Academy and patients at
the Naval Medica Clinic, Annapolis. These samples were classified in several stepsincluding
their gross morphology and determinative biochemical activities. Finally, a multilocus sequence
typing (MLST) scheme was used to unambiguously characterize the isolates and analyze
significant evolutionary trends in the population. The sequences of interna fragments of seven
genes were obtained for 36 S. aureus isolates and assigned a unique alelic profile. These

profiles, like fingerprints, were used to assign the isolates to known strains or to identify them as
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novel strains via publicly accessible MLST databases. The genetic information provided by
MLST was used not only to distinguish between unrelated strains, but to predict relationshipsin
the causes, distribution, and control of infection in populatiors.

Detailed environmental studies are the first and most important step in delineating the
population biology of community associated bacteria and will contribute to a viable long term

strategy for the treatment of infectious disease.
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Introduction

Staphylococci are gram-positive spherical bacteria that occur in microscopic clusters
resembling grapes (Bergey et al., 1994). Although nineteen species of Staphylococcusare
described in Bergey's Manual of Determinative Bacteriology (1994), only Staphylococcus aureus
and Saphylococcus epidermidis are significant in their interactions with humans. S. aureus
should always be considered a potential pathogen, while most strains of S. epidermidis are
nonpathogenic and may even play a protective role in their host as normal flora. S. aureus most
commonly causes a localized skin infection, although it can aso infect the eye, nose, throat,
urethra, vagina, and gastrointestinal tract. In addition, S. aureus can cause more serious ailments
when it enters the bloodstream, such as pneumonia, osteomylitis, arthritism, endocarditis,
myocarditis, brain abcesses, and meningitis (Lowry 1998). Human staphylococcal infections are
frequent, but usually remain localized at the portal of entry by the normal immune response. The
treatment of S. aureus infections showing no signs of broad-antibiotic resistance is achieved
successfully through many classes of antibiotics such as flucoxacillin, gentamycin, rifamicin,
fusidic acid, erythromycin, vancomycin, and cefotaxime. Antibiotics are classified according to
their chemical structure and method of production. Each class usually targets a specific cellular
structure or process, but classes are often related by mechanism or target. Therefore, bacteria
often evolve resistance to multiple classes of antibiotics. For example, methicillin and
vancomycin are the only available treatment options for the 90% of isolated strains of bacteria
that are penicillin resistant (Mandell et al., 1995). Vancomycin is the drug of last resort in the

treatment of S. aureus infections.



Penicillin was produced industrialy as early as 1941, but restricted to mostly military and

emergency applications. By 1946, it had become the first widely used commercia antibiotic. In

that same year, one hospital reported that 14% of the strains of S. aureusisolated from sick

patients were penicillin resistant. By the end of the decade, the same hospital reported that
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Figure 1. Transfer of resistance factor. The
most method employed by bacteriato gain
resistance is through a process called
conjugation, in which direct contact between
bacterial cellsallows acopy of a plasmid
containing aresistance determinant to be
transferred to aformerly sensitive bacterium.
In addition, a resistance gene can be picked
up from the environment and incorporated
into the genome of the once-sensitive
bacterium. A virusthat hasinfected a
resistant bacterium may also transfer the

resistance had been conferred to 59% of the strains
studied (Levy, 1992). Bacteria develop resistance to
antibioticsthrough many biological processes (figure
1). New traits, such as resistance, arise from
spontaneous mutations in chromosomal genes and are
selected for either positively or negatively by

environmental pressure.

For example, when a microbial populationis
exposed to an antibiotic, more susceptible organisms
will succumb, leaving behind only those resistant to
the antibiotic. These organisms can then either pass
on their resistance genes to their offspring by

replication, or to other related bacteria through

conjugation, whereby plasmids carrying the genes are transmitted from one organism to another

(Brundtland, 2000). This process is a natural, unstoppable phenomenon The biochemical are

transmitted from one organism to another (Brundtland, 2000).



The biochemical mechanisms through which Figure 2. Resistance mechanisms

employed by bacteria. Resistance
genes may encode for proteins that
a) cause the antibiotic to be
transported out the cell before
reaching its target, b) degrade the
antiobiotic, or c) alter the antibiotic
and render it nor-functional.

bacteria“resist” the action of antibiotics vary greatly
between strains of bacteria and classes of antibiotics
(figure 2). Strains of S aureus that are resistant to
penicillin produce the enzyme penicillinase, which

deactivates the drug by changing its chemical structure

and properties (Lowry, 1998). One way that scientists “*3° :%::.'xx ] H}. ':
I b "'.' 2
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R o gl
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penicillin derivative in the treatment of penicillin-

resstant S aureus is the drug methicillin, which was

introduced in 1961 (Saravolatz, 1982). Strains of
methicillin resistant S. aureus (MRSA) were isolated less than a year after its introduction.
Vancomycin is a glycopeptide antibiotic not related to penicillin. It was introduced in 1956, but
was replaced by methicillin until the emergence of clinical methicillin resistance reinstated it as
the last resort drug in the treatment of many bacterial infections. In 1991, 29% of S aureus
strains were methicillin resistant, and in 1996, there was a Japanese report of a S. aureus strain
with intermediate vancomycin resistance (CDC, 1997).

Since the popular recognition of the germ theory of disease, scientists had investigated a
“magic bullet” that would safely and categorically eliminate the microorganisms responsible for
infectious disease. Their search for a universal cure culminated with the advent what is now

called the golden age of antibiotics in the latter half of the 20" century. Unfortunately, our



simplified understanding of bacterial evolution
and interaction led to an exclusive reliance on
broadband antibiotics and, perhaps more

importantly, acritical lag in the research and

characterization of new strains of bacteria which
has resulted in the current resurgence of
infectious diseases once thought “cured” and a
chillingly dwindling reserve of therapeutic

Figure 3: Methicillin-resistant S. aureus(MRSA)

on an agar plate showing heterogeneousresistance options for resistant bacterial infections.
to methicillin with resistant coloniesin the zone of

Inhibition around methicillin (MET 5). Broadband antibictics, antibiotics that do

not target a specific bacterium or family of bacteria, are designed to damage universal bacterial
structures, such as the bacteria cell wall, and interrupt common pathways, such as the transfer of
necessary genetic information from DNA to RNA to proteins. Broadband antibiotics are
therefore useful against a wide range of bacteria; however, they also naturally select for
resistance in those bacteria, effectively accelerating the evolution of resistance in the entire
bacterial population. Narrowband antibiotics are engineered for a single bacterium or family of
bacteria, which makes them both more effective against those bacteria they are designed to kill
and less likely to select for resistance in other bacteria.

An effective long term strategy of narrowband antibiotic treatment requires a thorough
understanding of significant strain differentiations within bacterial populations. This study
addresses the lack of fundamental research into current and developing strains of bacteria, which
is perhaps the most costly error in the history of antibiotic resistance in S. aureus. Although

penicillinase-producing strains were universally present in hospitals by the early 1950s,



community isolates of S. aureus were considered to be largely penicillin susceptible. Penicillin
continued to be recommended as an effective anti-staphylococcal agent as late as the early 1970s
(Weinstein, 1975). However, then as now, there was no systematic observation or documentation
of antibiotic resistance among S. aureus isolates circulating within non-medical environments
and communities. The first comprehensive description and accurate assessment of the
epidemiology of drug-resistant strains of S. aureus were not published until 1969 (Jessen et al.,
1969).

Table 1. Time required for prevalence rates of resistance to reach 25% in hospitals (Chanbers 2001)

Y ear drug Y ears to report of Years until 25% ratein Years until 25% ratein
Drug introduced resistance hospitals community
Penicillin 1941 1-2 6 15-20
Vancomycin 1956 40 ? ?
Methicillin 1961 <1l 25-30 40-50 (projected)

Strains of S aureus resistant to methicillin and other antibiotics are endemic in hospitals.
However, as with penicillin resistant strains, infection with methicillin resistant strains (MRSA)
may be increasing in non-medical settings. In the past few years, sporadic reports of MRSA not
associated with the medical environment have been confirmed. Since the summer of 2002,
community associated methicillin resistant S. aureus (CA-MRSA) outbreaks particularly linked
with sports teams have been reported (CDC, 1981). These outbreaks have included wrestling,
volleyball, and most frequently, football teams. This Trident project genotypically and
phenotypically characterizes significant environmental strains of clinically relevant bacteria in
common athletic areas, and performs evolutionary trend analyses on the data that will contribute
to our understanding of these bacteria and provide critical insight into their global interaction

with the human population. The working hypothesis of this project was that the frequency and
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nature of human physical interactions on common athletic surfaces affects bacterial populations

and may create reservoirs of bacteriawith unique biological properties.
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Figure 4. Secular trends of approximate prevalence rates for penicillinase-producing,
methicillin-susceptible strains of Saphylococcus aureus in hospitals (closed symbols) and the
community (open symbols).(Chambers 2001)

It is clear that some of the recently recognized outbreaks of CA-MRSA are associated
with strains that have some unique properties compared to the traditional hospital-based MRSA
strains, suggesting some biologica properties may allow the CA-MRSA strains to spread more
or cause more disease (Hiramatsu, 1995). The first step in the molecular characterization of the
bacterial population is effectively tracking present strains. The CDC continues to work with state
health departments to gather both the organisms and epidemiologic data from all the cases
reported in the medical media to determine why certain groups of people are infected. Careful
attention must be paid to these emerging bacteria population trends and the genetic drift of
clinicaly relevant bacteria in the community. This project evaluates the relative prevalence of
individual strainsof S. aureus and begins to elucidate the evolutionary trends and molecular
rel ationships between strains, which will contribute to a viable long term strategy for the

treatment of infectious disease.
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Experimental Section

Materials. Tryptic soy agar and brothand were obtained from Remel (Lenexa, KS).
The Slidex Staph ID kit was purchased from BioMerieux (France). Antibiotic Sens-Discs were
obtained from Becton Dickinson (Sparks, MD). Blood agar plates were kindly provided by the
Nava Medical Clinic (NMCL). All other reagents and supplies were obtained from standard
Sources.

Environmental Sampling and | solation. Using sterile cotton-tipped applicators,
samples were collected from locations described in Table 1. The samples were incubated
overnight at 37° C on tryptic soy agar (TSA) plates. The plates were observed for gross colony
morphology and different colony types were identified. A small amount of bacteriafrom each
unigue colony was transferred to a new T SA plate and incubated overnight at 37° C.

Gram Staining. A drop of sterile distilled water was placed on a microscope side and a
small amount of bacteria was transferred from one colony into the water. The mixture was stirred
well and dried at 43° C for 5-10 minutes. The dide was flooded with crystal violet, allowed to
stand for 60 seconds, then rinsed with distilled water. The smear was flooded with iodine and
allowed to stand for 60 seconds, then rinsed with distilled water. The slide was briefly rinsed
with an isopropanol/acetone decolorizing solution, then flooded with safranin, allowed to stand
for 60 seconds, rinsed with distilled water, and patted dry. The cells were observed at 100X
magnification under the oil immersion lens. Cells were characterized according to their color;
gram-positive cells appearing violet and gram: negative cells appearing red; the shape of the

cdls, rods or cocci; and the arrangement of cells, single, clumped or filaments.



12

Catalase Test. A small amount of bacteriawas transferred to a glass microscope side
containing a drop of water and mixed well. Hydrogen peroxide was added to the mixture, and a
positive catalase test was indicated by the appearance of bubbling.

Hemolysis Test. A small amount of bacteria was transferred to sheep’s blood agar plates
and incubated overnight at 37° C. The colonies were characterized according to the type of
hemolysis they displayed.

Latex and Red Blood Cell Agglutination. The reagents in the Slidex StaphKit were
allowed to come to room temperature and re-suspended by mixing. One drop of anti-
Staphylococcus reagent, R1, and one drop of negative control reagent, R2, were added separately
to aglassdide. A small amount of bacteria was transferred from suspected colonies and added to
each drop, then mixed well using a sterile wooden stick for 10 seconds. The dide was gently
rocked for 20 seconds and the reaction was read under normal lighting. The Slidex kit tests for
the production of protein A, indicated by white clumping of latex particles and coagulase,
indicated by ared clumping of blood cells. A positive test for either indicates the presence of S
aureus.

Antimicrobial Susceptibility Tests. A small anount of bacteria was transferred to test
tube containing tryptic soy broth (TSB) and incubated overnight at 37° C in a shaking incubator.
The optical densities of the liquid cultures were recorded and the volume of inoculum sample
was adjusted for concentration A sample of the liquid culture was spread on a TSA plate.
Antibiotic discs were applied to the plate and alowed to incubate overnight at 37° C. The zones
of clearance were recorded.

Chromosomal DNA Extraction. Chromosomal DNA was extracted using the Wizard

Genomic DNA Purification Kit (Promega, Madison, WI). A small amount of bacteria was
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transferred to test tube containing tryptic soy broth (TSB) and incubated overnight at 37°Cina
shaking incubator. Pellet cells were prepared by centrifuging 1.5 ml of the liquid culture for 2
min. at 14000 rpm in a 1.5 ml Eppendorf tube. The supernatant was discarded and the pellet cells
were resuspended in 480 pl of 50 uM EDTA. Lysostaphin (60 pl, 10 ng/ul) and lysozyme (60 pl,
10 ng/pl) were added and the mixture was incubated at 37°C for 30 min. The mixture was
centrifuged for 2 min at 14000 rpm and the supernatant was removed. Nuclel Lysis solution (600
pl) was added and the mixture was pipetted gently. The reaction mixture was incubated at 80°C
for 5 min, and then cooled to room temperature. RNase solution (3 pl) was added, and the
mixture was incubated at 37°C for 30 min with shaking, then cooled to room temperature.
Protein Precipitation Solution (200 pl) was added and the reaction mixture was vortexed and
incubated on ice for 5 min. The reaction mixture was centrifuged 3 min at 14000 rpm, and the
supernatant was transferred to a clean tube containing 600 pl of room temperature isopropanol.
The solution was mixed well and centrifuged 2 min at 14000 rpm. The supernatant was decanted
and ethanol (600 plI, 70%) was added. The solution was mixed well and centrifuged 2 min at
14000 rpm. Then the ethanol was aspirated and the pellets were allowed to air-dry for 10 min.
The DNA pellet was rehydrated in Rehydration Solution (100 pl) overnight at 4°C. Optical
densities of the resulting solutions were measured and recorded.

Polymerase Chain Reaction and Purification. Polymerase chain reactions (PCR) were
carried out using 25 pl reaction volumes containing 1 pl of chromosoma DNA (10-100 ng), 2 pl
of each primer, and puRe Taq Ready-To-Go PCR Beads (Amersham Biosciences, Stockholm,
Sweden). The PCR was performed in a Peltier Thermal Cycler-225 Tetrad with 5 cycles of
denaturation at 94°C for 20 s, annealing at 48°C for 5 s, and extension at 72°C for 30s, followed

by 30 cycles of denaturation at 94°C for 20 s, annealing at 52°C for 5 s, and extension at 72°C for
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30s, followed by afinal extension step of 72°C for 2 min. The amplified products were purified
using a Performa DTR 96-Well gdl filtration system (Edge BioSystems, Gaitherburg, MD).
DNA Sequencing Reaction and Purification. The sequences of both strands of the PCR
products were determined with an ABI Prism 3100 Genetic Analyzer with BigDye Terminator
v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA) and the primers used in the

initial PCR amplification.
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Results and Discussion

Initial Characterization of Environmental Samples. Environmental samples obtained
on 4 NOV were grown on mixed cultures and distinct colonies were categorized based on their

appearance and morphology. The results are described in Table 2.

Table 2: Gross Colony M or phology

Location Number® Gross Colony Morphologyb
Designation Relative Form Optical Pigmentation Margin Elevation
Size Characterigtics
Dewey Field 1,1 medium irregular glossy gray undulate flat
1,2C medium circular glossy yellow entire raised
13 medium circular glossy yellow entire raised
14 large irregular dull yellow undulate flat
Farragut Fied 21 medium circular glossy gray entire raised
22 medium circular glossy yellow circular flat
23 small circular glossy yellow circular flat
24 large filamentous | dull gray filamentous | flat
Ingram Track 31 medium irregular dull gray undulate flat
3,2 medium irregular dull gray undulate raised
3,3 medium circular glossy yellow entire raised
LeeuneKarate 41 medium circular dull gray entire flat
Room
42 small circular glossy gray entire raised
43 medium circular glossy yellow entire raised
MacDonough 51 small circular glossy white entire raised
Volleyball
Courts
5,2 medium irregular glossy yellow undulate flat
Rip Miller Field 6,1 medium circular glossy gray entire raised
6,2 medium circular dull yellow entire flat
Hospital Point 71 medium circular dull gray undulate flat
Fields
72 medium circular glossy yellow entire raised
73 large filamentous | dull gray filamentous | flat
74 small circular dull white entire flat
MacDonough 81 small circular glossy white entire raised
Boxing Ring
8,2 medium circular glossy yellow entire raised
8,3 large filamentous | dull gray filamentous | flat
Boxing 9,1 small circular glossy white entire raised
Equipment
Leeune 10,1 small circular glossy white entire raised
Wrestling Mats
10,2 medium circular glossy yellow entire raised
Halsey 11,1 medium irregular dull gray undulate flat
Basketball
Courts
11,2 medium circular glossy yellow entire raised
11,3 medium irregular dull gray undulate flat
11,4 medium circular dull gray undulate flat
11,5 small circular glossy white entire raised
“Thefirst number of the number description indicates the location that the sample was obtained from. The second number indicates a distinct

colony type from that location.
PColony morphology is consistent with standard microbiological method.
“Colony morphologies that correspond to classical descriptions of S aureus are highlighted in yellow.
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S. aureus agar colonies are typically circular in form, with a smooth, glistening colony
surface, butyrous consistency, and an entire margin. Typical S. aureus cultures produce a
characteristic yellow pigmentation, but readily develop variants that grow as gray or dirty white
colonies. Therefore, colonies matching this description (highlighted in yellow on Table 2) were
transferred to sterile media for cultivation of pure cultures and further description using
differential stains.

Differential stains allow for distinguishing certain characteristics of cells, and commonly
use two or more stains applied in succession to resolve important microbiological features. The
gram stain, which divides most clinically significant bacteria into two main groups, is the first
step in bacterial identification. S aureus is a gram-positive coccus. The deep violet clumps of

small spheresillustrated in Figure 5 are highly specific for Saphylococcus.
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Figure5: Gram stain of S. aureus (Freundlich, 2001)
All of the initial samples were gram-stained and described under an oil immersion lens at
100X magnification. The descriptions are summarized in Table 3. Samples 1,3; 4,1; 4,2; 5,1; 8,1;
10,1; and 11,5 (highlighted in yellow on Table 3) were gram positive cocci that resembled

Staphylococci, and they were selected for further characterization.



Table 3: Microbiology Results

Number Designation

Gram Stain Result

Microscopic Description

Shape Arrangement

11 positive rod filaments
12 positive rod clumps

1,33 positive cocci clusters
14 positive rod filaments
21 negative rod filaments
2,2 negative rod single

23 negative rod filaments
24 positive rod filaments
31 negative rod filaments
32 positive rod filaments
3,3 positive rod filaments
41 positive COCCi clusters
42 positive cocci clusters
43 positive rod filaments
5,1 positive coccli clusters
5,2 negative rod clumps

6,1 negative rod single

6,2 positive rod filaments
71 positive rod filaments
72 positive rod clumps

73 positive rod filaments
74 positive rod filaments
8,1 positive coccli clusters
8,2 positive rod clumps

8,3 positive rod filaments
9,1 positive cocci clusters
10,1 positive COCCi clusters
10,2 positive rod filaments
11,1 positive rod filaments
11,2 positive rod single

11,3 positive rod single

11,4 positive rod filaments
11,5 positive coccli clusters

& Coloniesthat resemble S. aureus are highlighted in yellow.

More discriminating biochemical characterization of those bacteria consistent with the

gross and microscopic morphological characteristics of S. aureus was conducted via a series of

17

selective reactions classifying determinative biochemical processes of the cell. Specifically, the

Slidex StaphKit was used to confirm that suspect colonies tested with the classical methods of

gram stain, morphology, catalase and hemolysis tests most likely were S. aureus. Tests were

performed on samples 1,3; 4,1; 4,2; 5,1; 8,1; 10,1; and 11,5 and the results are described in Table

4.
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Table 4: Initial Characterization Test Results

Sample Coagulase Protein A Catalase Hemolysis
1,3 - -

4,1A - - - a

51 - - + 3
8,1 - - + a

11,5 - - + a

aSampl&e highlighted in red were positively identified asS. aureus.

Coagulase. The coagulase test is a classical method for differentiating between
pathogenic and non-pathogenic strains of Staphylococcus Bacteria that produce coagulase use it
as a defense mechanism by clotting the areas of plasma around them, thereby enabling
themselves to resist phagocytosis by the host's immune system. S. aureus is normally coagul ase
positive (Lally et al., 1984). Protein A is present on the surface of most S. aureus strains. It has
an affinity for the Fc fragment of most isotype G immunogloblulins (IgG) (Flandrois et al.,
1975). The Slidex Staph-Kit enables the identification of S aureus strains from culture media. It
is composed of stabilized red blood cells, sensitized with fibrinogen, which will agglutinate if the
S. aureus strain produces coagulase. The kit also contains latex particles, sensitized with
monoclonal 1gG antibodies, which will agglutinate if protein A is present on the surface of the S
aureus strain. A positive result isindicated by agglutination. A coagul ase result was indicated by
red clumps, while a positive result for protein A resulted in white clumping. The sensitivity and
specificity of the kit on specimens cultured on TSA is 94.2% and 89.5% respectively. During the
initial characterization, positive results for Protein A were observed in sample 4,2 and positive
coagulase results were observed in samples 4,1B and 10,1. The differencesin agglutination

results suggest the presence of at least two phenotypes of S. aureus.
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Catalase. Hydrogen peroxide and superoxide molecules are toxic to bacteria. Some
bacteria, however, possess a defense mechanism which can minimize the harm done by the two
compounds. These resistant bacteria use two enzymes to catalyze the conversion of hydrogen
peroxide and superoxide back into diatomic oxygen and water. One of these enzymes is catalase
and its presence can be detected by a simple test. The catalase test involves adding hydrogen
peroxide to a culture sample. If the bacteria in question produce catalase, they will convert the
hydrogen peroxide to oxygen gas which will be evolved. The evolution of gas causes bubbles to
form and isindicative of a poditive test. S. aureus is strongly catalase positive. (Bergey et al.,
1994) The three samples identified by the StaphKit were catalase positive.

Hemolysis. Hemolysis refers to the breakdown of red blood cells. Some diseases and
processes can cause the premature breakdown of red blood
cdls. There are three types of hemolysis on blood agar
plates shown on Figure 6: apha, beta, and gamma. Gamma
hemolysis is actually no hemolysis. Alpha hemolysisis
characterized by a darkening of the agar to a greenish color,

while light will shine through an area of beta- hemolysis.

Coloniesof S. aureus normally produce beta hemolysis on

Figure 6: Examples of hemolysis.
(Freundlich, 2001) blood agar. (Bergey et al., 1994) However, some strains of

S aureus do produce apha hemolysis.

A red agglutination pattern indicated a positive result for coagulase while a white
agglutination pattern indicated a positive result for Protein A. Dual positive results were difficult
to interpret because the red agglutination sometimes masked the white. This ambigiuity did not

affect the project in a meaningful way because it did not result in missed identifications or false
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positives. Positive results for Protein A were observed in sample 4,2 and positive coagulase
results were observed in samples 4,1B and 10,1. A positive identification is indicated by an
agglutination pattern in either reagent. Positive results for catalase and hemolysis support the

identification of those samplesas S. aureus.

Table 5: Complete Characterization Test Results

Sample | Coagulase [ Protein A | Catalase | Hemolysis Identification of S. aureus. Usi ng data
4,1B - + +
1&1 - + + R generated during the initial characterization, the
+ - + a
15,2 + - + a .
16,1 o T T a parameters of sample collection were
17,2 - + + a
31,1 + - + a — .
32,1 T +T- n a optimized, and, after environmental sample 11,
35,1 - + + 8
Sk - ; . only those strains exhibiting the colony
CL2 + + 8
- : : z morphology of S. aureus were isolated for
CL5 + + B
CLS * * 8 further biochemical analysis. Additional
CL7 + + 8
CL8 + + B
CL9 + + B samples were donated by the Naval Medical
CL10 + + B
CL11 + + R o ] )
CL12 + + B Clinic, Annapolis. These samples (designated
CL13 + + 3
CL14 + + [ . . .
CL15 T o R CL1-CL27) were isolated from patients in the
CL16 + + 3
o - - b clinic from 10 Dec 2003 through 11 Mar 2004.
CL19 + + 3
ST : 51 The strains were identified by the NMCL staff
CL22 + + 3
CL23 + + B ;
T - - = as S aureus and provided on blood agar plates.
CL25 + + 8
CL26 * * B Due to patient privacy concerns, information
CL27 + + 3
RN450 + +- + R _ ) ) ) .
RN4220 + +I- + R concerning the patient’ s identity and specific

infection type were not provided. All clinical strains were verified and characterized in the same
manner as environmental strains. In addition, the two strains RN450 and RN4220, characterized
and utilized as high-passage laboratory research strains, were included as reference points in the

study. The results of the characterization of all strains are described in Table 5.
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Antibiotic Susceptibility of S. aureus | solates. Antibiotic susceptibility testing plates
were prepared using standard microbiological methods. The diffusion of antibiotic into the media
inhibits bacterial growth in a circular region known as the zone of clearance for that antibiotic.
The diameter of each of the zones of clearance (Fig. 7) was recorded and interpreted by
standards established by the National Committee for Clinical Laboratory Standards (NCCLS).

All diameters were recorded in millimeters, and the results are interpreted in Table 6.

Figure 7: Zones of antibiotic clearance for colony CL 10.

The four antibiotics used in this project: erythromycin (E), gentamicin (GM), oxacillin
(OX), and vancomycin (VA) were chosen because they represent different classes of antibiotics

and because they are used specificaly in the antibiotic therapy of S aureus infections.
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Table 6: Antibiotic Zone of Clearance Diameter Interpretation

Zone of Clearance Diameter (mm) Resistance Resistance
Sample E GM Similarity Code Type
4,1B 145 | 2111 1
4,2 2111 1
10,1 3111 2
14 1131 3
15,2 3111 2
16,1 3131 4
17,2 3131 4
31,1 2211 5
32,1 1131 3
351 2111 1
37,3 2121 6
CL1 3111 2
CL2 b 2111 1
CL3 2211 5
CL4 2231 7
CL5 3211 8
CL6 2321 9
CL7 3231 10
CL8 3211 8
CL9 2121 6
CL10 3231 10
CL11 3131 4
CL12 2321 9
CL13 18 |_ 2111 1
CL14 2211 5
CL15 2121 6
CL16 | 3111 2
CL17 2131 11
CL18 B 3111 2
CL19 | 3111 2
CL20 3231 10
CL21 | 2221 12
CL22 2221 12
CL23 2221 12
CcL24 | 3231 10
CL25 [B 3331 13
CL26 | 3131 4
cL27 | 3131 4
RN450 19 2211 5
RN4220 19 2211 5
[ =susceptible
=intermediate resistance
I -resistant

Erythromycin is a macrolide antibiotic used to treat a wide variety of bacterial infections.
Erythromycin's mode of action differs from the beta- lactam antibiotics, such as penicillin, in that
the antibiotic inhibits protein synthesis rather than targeting the bacterial cell wall. Despite

significant in vitro erythromycin resistance in S. aureus populations, there remains alow
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frequency of clinical treatment failure. Erythromycin remains a reasonable agent in the treatment
of uncomplicated superficial skin infections.

Gentamicin is a bactericidal aminoglycoside antibiotic. The cationic antibiotic molecules
create fissures in the outer cell membrane, resulting in leakage of intracellular contents and
enhanced antibiotic uptake. Aminoglycosides display bactericidal, concentrati ondependent
killing action and are active against awide range of aerobic gram negative bacilli. They are aso
active against staphylococci and certain mycobacteria. Aminoglycosides are effective even when
the bacterial inoculum is large, and resistance rarely develops during the course of treatment.
(Montie et al., 1995)

Oxacillin, like methicillin, is a semi- synthetic penicillin derivative that blocks the
formation of bacterial cell walls. Researchers devel oped these drugs to be resistant to
penicillinase activity and combat antibiotic resistance. Oxacillin is tested instead of methicillin
because it is more resistant to degradation in storage and is more likely to detect most
heteroresistant strains. Accurate detection of antibiotic resistance can be difficult due to the
presence of two subpopulations (one susceptible and the other resistant) that may coexist within
aculture of asingle strain. All cellsin a culture may carry the genetic information for resistance
but only a small nhumber can express the resistance in an artificial environment, such as a plate,
rather than inside a living organism. This phenomenon is termed heteroresistance and occurs
frequently in staphylococci resistant to penicillinase-stable penicillins, such as oxacillin. In
addition, methicillin is no longer commercially available in the United States. Antimicrobials
like oxacillin and nafcillin now are used for treatment of S. aureus infections. Since methicillin
was first used to test and treat infections by S. aureus, the acronym MRSA is till used by many

to describe these isolates because of its historic role.
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Vancomycin is a glycopeptide that acts by interfering with the construction of cell walls
in bacteria. Vancomycin often is the only drug of choice for treatment of severe MRSA
infections, although some strains remain susceptible to fluoroquinolones, trimethoprim,
sulfamethoxazole, gentamicin, or rifampin.

For each antibiotic, different levels of susceptibility were assigned numerical values, and
each strain is defined by the pattern of resistance it displayed (resistance similarity code).
Thirteen different resistance types were identified using this method and the relationships

between them are graphed in Figure 8.

MJ
CL3

| Rn450
ENY31.1
CL14

CLA

| CLB

lcL12
cL21
cL9
———————+CL15
EN¥37.3

cLZ2
ENVA.1B
CL13
ENVA.2
ENV35.1
CcL17
cL1
‘ENV1DJ
EN¥15.2
‘CL1E
cL18
| CL5
l cLs
CL7
|CL1u
cLZ20
CcLZ4
CLZ5
EN¥16.1
cL11
ENV17.2
CL26
cL27
| ENV14
lENV3Z.1

0.05 changes

Figure 8: Strain differentiation by patterns of antibiotic susceptibility.
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There are no obvious trends in the patterns of antibiotic resistance. This would indicate

that there is no causal relationship between the expression of antibiotic resistance and the

environment or pathogenicity of a given strain. As expected, all samples are susceptible to

vancomycin. Vancomycin resistant S. aureus has only been reported rarely in hospital settings.

Most of the strains are multiple drug resistant, with notable exceptions being environmental

strains 14 and 32,1. These strains are only resistant to oxacillin. Since oxacillin is typically used

to treat resistant bacteria, it is unlikely that these strains developed this resistance from clinical

exposure. Most likely, they received the resistance genes via a plasmid from other bacteria.

Table7: Final Concentrations of Chromosomal DNA

Sample

Final Concentration
(ng/uL)

4,1B

191.5

4,2

1027

10,1

186

14

149

15,2

327

16,1

111

17,2

70

31,1

406

32,1

646.5

35,1

214

37,3

CL1

381

CL2

318

CL3

454

CL4

492

CL5

607

CL6

207

CL7

373

CL8

450

CL9

123

CL10

817

CL11

170

CL12

165

CL13

293

CL14

370

CL15

271

CL16

110

CL17

133

CL18

208

CL19

286

CL20

164

CL21

411

CL22

113.5

CL23

212

CL24

111

CL25

363

CL26

119

CL27

348

RN450

308

RN4220

204

Chromosomal DNA Extraction. The final concentration of
chromosomal DNA was cal culated from the solution absorbance at
260 nm. Only those samples resulting in DNA concentrations above
100 ng/nL (at least 10 ng of DNA total) were considered of high
enough quality to utilize in amplification reactions. Although
several strains required multiple preparation attempts, all 36
samples studied resulted in sufficiently pure and concentrated DNA
samples. The final concentrations of the samples analyzed are given

in Table 7.
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PCR Products. The sequences of the primers used in PCR reactions are given in Table 8.

Table 8: Primer Sequences for PCR and Sequencing Reactions?

Gene

Primer

Sequence (5-3")

Carbamate kinase (arcC)

Shikimate dehydrogenase (aroE)

Glycerol kinase (glpF)

Guanylate kinase (gmk)

Phosphate acetyltransferase (pta)

Trisephosphate isomerase (tpi)

Acetyl coenzyme A acetyltransferase (yqiL)

arcC-Up
arcC-Dn

aroE-Up
aroE-Dn

glpFUp
glpFDn

gmk-Up
gmk-Dn

pta-Up
pta-Dn

tpi-Up
tpi-Dn

yqiL-Up
yqiL-Dn

TTGATTCACCAGCGCGTATTGTC
AGGTATCTGCTTCAATCAGCG

ATCGGAAATCCTATTTCACATTC
GGTGTTGTATTAATAACGATATC

CTAGGAACTGCAATCTTAATCC
TGGTAAAATCGCATGTCCAATTC

ATCGTTTTATCGGGACCATC
TCATTAACTACAACGTAATCGTA

GTTAAAATCGTATTACCTGAAGG
GACCCTTTTGTTGAAAAGCTTAA

TCGTTCATTCTGAACGTCGTGAA
TTTGCACCTTCTAACAATTGTAC

CAGCATACAGGACACCTATTGGC
CGTTGAGGAATCGATACTGGAAC

a(Enright et al., 2000)

The expected size of each fragment is shownintable 9. All PCR products were checked by gel

electrophoresis for size and integrity.

Table 9: Sequence Length of ML ST Genes?

Gene Sequence No. of

length (bp) alleles
arcC 456 17
arokE 456 17
glpF 465 11
gmk 429 11
pta 474 15
tpi 402 14
yqiL 516 16

a(Enright etal., 2000)
left and right side of Figure 9) are used to visualize the relative size of product fragments by
mobility. The sequence lengths of the fragments used in this project are given in Table 9. The

agarose gel of the PCR products (Figure 9) shows strong, single bands that are approximately

Fragments of DNA migrate by electrophoresis through

agarose polymer gel according to their molecular

weight, given by the number of nucleotide base pairs

per fragment. Known molecular size markers (on the

500 bp in length. This indicates that the PCR reaction was successful and the correct sequences

were amplified.



Figure 9: PCR products on agar ose gel.
Thefirst and last lanes contain markers for
comparison and determination of fragment
size. The remaining lanes (columns)
contain PCR products from individual S.
aureus chromosomal samples, with each
row containing the product from an
individual locus, and the very bottom
doublets containing amplified rRNAs as
positive controls.
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DNA Sequencing. In the DNA Sequencer, alaser is used to excite dyes on nucleotides.

The dyes emit at different wavelengths which a camera then records and sends to the computer

for analysis. The output is a spectrum resembling Figure 10. The spectral output of each

sequence was reviewed and ambiguities were resolved by comparing outputs of the forward and

reverse reactions. The consensus sequence of the forward and reverse reactions is the sequence

of the fragment.

iCCTAARTGAGTGAGCTAACTCACATTAATTIGCGTTGCGCTCEACTGECCGETTT
1] 220 230 240 250

260

Figure 10. Sample Chromatogram
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Sequential Analysis. The genome of S. aureus is polymorphic, meaning that there are
severa variants (alleles) of a particular gene that occur ssmultaneously in a population. A locusis
the specific physical location of a gene on the chromosome. For each locus, the sequences
obtained from all samples were compared to online ML ST databases and the different sequerces
were assigned allele numbers (Table 10). For each sample, the alleles at each of the seven loci
defined the aléelic profile which corresponded to its strain assignment in the MLST scheme

(Enright et al., 2000).

Table 10: MLST Allele Numbers

Sample | arc | aro | glp | gmk | pta | tpi | yqi
CL3 13 | 13 1 1 12 [ 11 | 13
CL1 2 2 5 2 6 3 2
CL2 2 2 2 2 6 3 2
CL4 4 3 1 1 11 4 11
CL5 3 3 1 1 1 1 | 10
CL6 13 | 13 1 1 12 [ 11 | 13
CL7 3 3 1 1 4 4 3
4.1B 3 1 1 8 1 1 1
10.1 10 | 14 8 13 10 | 3 2

14 27 4 1 1 4 6 | 11
15.2 1 4 1 4 12 [ 29 | 10
16.1 27 3 1 1 13 6 11
CL8 3 3 1 1 4 4 3
CL9 8 2 2 2 6 3 2

CL10 3 3 1 1 4 4 3
CL11 3 3 1 1 4 4 3
CL12 19 | 23 | 15 2 19 [ 20 | 15
CL13 1 4 1 4 121 1 | 10
Rn450 3 3 1 1 4 4 3
4.2 3 1 1 8 1 1 1
17.2 13 | 13 1 1 12 [ 11 | 13
31.1 1 4 1 4 12| 1] 10
32.1 1 3 1 1 4 4 11
35.1 1 1 1 1 25 | 23| 13
CL14 1 4 1 4 12| 1] 10
CL15 3 3 1 1 4 4 3
CL16 3 3 1 1 4 4 3
CL17 22 1 14 23 12 4 31
CL18 1 4 1 4 121 ] 10
CL20 3 3 1 1 4 4 3
CL21 10 14 8 13 10 3 2
CL24 3 3 1 1 4 4 3
CL25 3 3 1 1 4 4 3
CL26 3 3 1 1 4 4 3
CL27 3 3 1 1 4 4 3
37.3 3 3 1 1 4 4 3
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Figure 11: Strain Differentiation by Multi L ocus Sequence Typing (ML ST)
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The samples may be grouped phylogenetically using the MLST into essentially four
groups. Group | consists of environmental strains found on the yard without corresponding
clinical samples. Group Il is comprised of clinical isolates without corresponding environmental
samples. Group 111 includes clinical samples that have the same strain type as environmental
samples, and Group 1V is made up of clinical sanples that did not match any previously
sequenced strains, either the environmental samples or those in the ML ST database.

Group | represents strains of S aureus that were isolated on the yard, but did not present
in clinical cases during the time period observed during this project. This means that no one was
exposed to these strains or that they were exposed, but not infected. It can be reasonably
concluded that midshipmen, as well as other athletes and staff using these spaces were exposed
to these strains, but there is no data as to whether or not colonization occurred. Colonization
occurs when bacteria are present on or in the body without causing illness. It is unclear when and
how colonized bacteria become virulent, but is most likely a function of both the virulence
properties of the organism and the immune response of the host (Mandeil, 1995). Interestingly,
severa strainsin this group produced uncharacteristic alpha hemolysis on blood agar. Most
strains of S. aureus produce toxins that completely lyse red blood cells, producing a zone of clear
beta hemolysis on agar containing blood. Nortpathogenic strains, however, sometimes do not
completely lyse red blood cells, and instead convert the hemoglobin present into green
methemoglobin, producing the green color that characterizes apha hemolysis. The alpha
hemolytic strains in this group may have decreased virulence properties that would begin to
explain why they did not present in the clinic.

Group Il includes the clinical samples without corresponding environmental samples.

This means that either the infections were caused by bacteria that were present in the
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environment, but not ubiquitous and therefore not represented in the relatively small sample size,
or that the source of infection was not one of the studied environments. The source may have
been another environment, an infected or a colonized individual, or opportunistic colonies of S
aureus already present on the patient. The CDC reports that approximately 25 to 30% of the
population is colonized with S. aureus bacteria at a given time (Kluytmans et al., 1997).
Staphylococci are primarily transmitted between individuals by direct skin-to-skin contact.
Usually the organism spreads from hands of the infected/colonized individual to the skin of
another individual. It has historically been assumed, transmission of staphylococci does not
occur by droplet, airborne or indirect contact with contaminated objects (fomites) (Bradley et al.,
1991). However, because the Naval Medical Clinic, Annapolisis not an inpatient clinic, we can
reasonably assume that none of the clinical samples we received were nosocomial, or hospital
acquired infections. Therefore, both the environmental and clinical samples can be considered
community-associated strains of S. aureus. Also, the antimicrobial patterns of these strains are
unique and differ from typical hospital acquired pathogens, because they are resistant to
methicillin, but are not multi-drug resistant (Vandenesch, 2003). Thisistypically regarded as a
resistance trait unique to community associated bacteria (Jessen et al., 1969).

The most useful group for further study is Group I11. These strains occurred both
environmentally and clinically. Because the case histories of the clinical cases were confidential,
no correlation can be made between individual clinical cases and any particular environmental
strains, but it can be shown that the environmental strainsin this group are potentially virulent.
This corroborates evidence that environmental fomites may function as reservoirs for these
strains, indirectly transmitting them from individua to individua and potentially causing

infection. The explanation for the rapid transmission of S aureus infections in hospital settings
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has been the interaction of patients with each other and with health care providers (de Lencastre
et al., 1996). The same model can be can be used for any environment where the bacteria are
ubiquitous and there is frequent skin-to-skin contact between individuals, in this case, the
interaction of athletes on playing fields. But more importantly, the environment itself may play
some part in the transmission of pathogenic bacteria.

The clinical strainsin Group IV did not match any previously sequenced strains, either
environmental or those already in the MLST database. CA-MRSA infections appear to be an
emerging phenomenon worldwide, and unique strains of MRSA are increasingly responsible for
community-acquired infections. The genotypes of these organisms support the recent suggestion
that the dissemination of asingle CA-MRSA clone did not occur around the world but rather
suggeds the possibility of simultaneous co-evolution of CA-MRSA organisms in different

locations (VVandenesch 2003).
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Conclusonsand Further Study

The first and most fundamental question evoked by contemporary epidemiological
studies of community associated S. aureus is the significance of environmental transmission in
pathogenesis and the evolution of antibiotic resistance. The mechanisms of transmission of
nosocomia methicillin resistant S. aureus (MRSA) infections are well documented and illustrate
broad epidemiological trends in the general S aureus population (Hiramatsu, 1995). The mgor
route of spread is transfer from one patient to another via the contaminated hands of medical
personnel. Airborne transmission is a second potential route of spread, and although airborne
transmission has been described, MRSA is not commonly recovered in samples of hospital air
(Sacho, 1996). Contaminated surfaces in the inanimate environment constitute a third potential
reservoir from which MRSA may be transmitted, although the importance of this reservoir in
clinical settingsis controversial. The window for transmission via direct contact is limited by the
survivability of the bacteria themselves. MRSA may survive for hours on the hands, and weeks
or months in the nose, but it is unclear how long colonies may persist on contaminated surfaces
creating the opportunity for indirect transmission (Sacho 1996). Some studies suggest that S.
aureus may survive for weeks to months on inanimate surfaces, as well. General infection
control procedures and antiseptic techniques may negate environmental reservoirs in hospital
settings, but in non-clinical settings such as athletic fields, which are cleaned irregularly and
rarely disinfected, environmental contamination may be significant.

This project clearly demonstrates that S. aureus can be recovered from contaminated
surfaces in the community. More importantly, it can be shown at the current level of genotypic
characterization that virulent strains do persist in community-associated environmental

reservoirs. It was found that S. aureus is not ubiquitous in the athletic facilities at the Naval



Academy and the distribution patterns from the areas in which environmental cultures were
obtained do not indicate a primary route of spread. In clinical settings, it has been found by
quantifying the degree of nurses contact with patients harboring MRSA that a highly significant
association exists between close contact (e.g. changing wound dressings or bathing a heavily
colonized patient) and the acquisition of finger and nasal carriage of MRSA by the medical
personnel (Sacho 1996). If the primary route of spread in nortclinical settings was skin-to-skin
contact, then similar relationships should exist between degrees of contact and bacterial
colonization. However, there are no clear quantitative relationships between the individua
athletic activities observed in this project and the degree or persistence of S. aureus
contamination. The contaminated areas ranged from areas of extensive interpersona contact such
as the wrestling mats and the judo training room to areas of minimal interpersonal contact, such
as the gymnastics equipment and the weight rooms. There are, however, several potentially
significant environmental trends in the contaminated areas. The areas were al indoors and
relatively climate-controlled. Despite substantial anecdotal evidence, no contamination was
found on outdoor turf fields. No S aureus strains were isolated from any of the outdoor areas
sampled. This may have been due to the timing of the project. Samples were obtained during late
fall and winter months when the temperature was regularly below optimum growth conditions
for S aureus. Outdoor sampling may benefit from more complete seasonal data. Interestingly,
there was also no relationship between cleaning and contamination. Potentially virulent strains
were isolated from areas, such as the wrestling mats, that are cleaned specifically to remove S,
aureus contamination. The data suggests increased significance of environmental reservoirsin

the spread of community-associated S aureus.
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S. aureus has a clona population structure. Therefore, it is believed that it does not
undergo extensive recombination, a process by which offspring derive a combination of genes
different from that of the parent. S. aureus diversifies primarily by point mutations, or
spontaneous changes, in individual nucleotides, and consequently demonstrates a high degree of
nonrandom associations between genetic loci (Feil, 2003). This makes it possible to assess the
relatedness of strains through measurements of genetic variation Strain typing by genetic
variation is used to characterize and respond to outbreaks of infectious disease and to describe
evolutionary trends in bacterial populations.

Molecular methods have been used to differentiate strains of bacteria with varied success
and efficiency. The first and most basic of these are phenotypic studies. A phenotype is defined
by the observable characteristics of an organism. It is the result of the expression of an
organism’s genetic information in response to its environment. Therefore, the phenotype of an
organism is a functionof the dynamic interaction of genetic and environmental factors. Asa
result, organisms that are genetically ssimilar may display different phenotypes. Conversely,
organisms with the same phenotypes may have different geretic information Consequently, it is
almost impossible to use phenotypic data to model genetic variation in bacterial populations
(Schmitz et al., 1998).

Newer methods such as Pulsed-field Gel Electrophoresis that compare DNA fragments
were adopted for their improved discriminatory ability and reproducibility. Pulsed-field Gel
Electrophoresis (PFGE) is a DNA-based subtyping method that generates DNA banding patterns
on an agarose gel after DNA is cut into fragments with restriction enzymes (van Belkum et al.,

1997). Unfortunately, these techniques are costly and difficult to use effectively. The greatest
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disadvantages of PFGE and other gel methods, however, is the difficulty of comparing results
between labs.

Multi-locus sequence typing (ML ST) provides a highly discriminatory method that
defines each strain of bacteriaas a string of seven integers which produces data that can be
collected in a central database on the World Wide Web. One of the greatest disadvantages of
MLST isitsinability to predict virulence properties and resistance patterns. It is believed that In
addition, the variation within the housekeeping genes used in the MLST allelic profile
accumulates relatively slowly, making it an excellent tool for studying longer-term or global
pathogen epidemiology and population genetics, but poorly suited to study local epidemiology or
outbreaks, which are characterized by new strain types caused by rapid accumulation of genetic
variation.

There are several new typing methods that use a single locus, including the protein A
encoding gene spa (Shopsin et al., 1999; Koreen et al., 2004) and the repeat region of the
coagulase gene, coa (Shopsin et al., 2000). These methods are fast, relatively inexpensive, less
error prone, and they are capable of monitoring both rapid and long-term genetic variation,
which makes them verstile strain typing tools (Koreen et al., 2004). However, it is not well
established how discriminating these methods are, and they are limited to housekeeping genes
required for survival. These genes are universally present in a species, but they are often highly
conserved to retain function. That is, there is little genetic variation between strains or over time.

The ML ST scheme was chosen for this project for many reasons, but most importantly
because it allowed comparison to the global S. aureus population. In addition, availability of

resources and discriminatory ability made it preferable to PFGE. The most well established
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method of single locus typing uses the Protein A gene, spa, which was not present in all of the
samples used and there is no database to compare to outside strains.

Areas of further study for this project include sampling different environments or
sampling one area systematically and compiling spatial statistical data. Similarly, the same areas
could be sampled at different times to model the changes in local S aureus population biology
with respect to time. Colonization studies could be done on midshipmen and personnel that live
and work in the contaminated environments, and etiological studies could be performed in the
clinic to correlate the probable source of infection with empirical environmental data. With
regards to strain typing, the samples could be typed using different methods and the results
compared. Additional loci could also be analyzed to explain unique in vitro behavior of samples.

This project has laid important groundwork for further characterization of the bacterial
population at the Naval Academy. The data supports the emerging significance of environmental
reservoirs as aroute of spread for community associated bacteria. It is critical to understand the
mechanisms of colonization and infection to model the evolution and migration of bacterial
populations. The unambiguous characterization of strains of clinically relevant species of
bacteria helps to explain the origin and spread of antibiotic resistance, and the collection of those
strain types into a common database fosters international communication and a better

understanding of the global epidemiology of infection and disease.
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Appendix A. Environmental Sample L ocations

Table11: Environmental Sample L ocations

Sample

Number Sample Location
1 Dewey Field
2 Farragut Field
3 Ingram Track
4 Lejeune Karate Room
5 MacDonough Volleyball Courts
6 Rip Miller (Turf) Field
7 Hospital Point Intramural Fields
8 MacDonough Boxing Ring
9 Boxing Gloves/Head Gear
10 Lejeune Wrestling Mats
11 Halsey Basketball Courts
12 MacDonough Boxing Ring
13 MacDonough Weight Room
14 MacDonough Gymnastics Mats
15 Ricketts Weight Room
16 7th Wing Weight Room
17 Halsey Judo Room
18 Halsey Bubble
19 Halsey Climbing Wall
20 Halsey Indoor Track
21 Halsey Weight Room
22 MacDonough Training Pool
23 MacDonough Water Polo Pool
24 MacDonough Basketball Courts
25 MacDonough Women's Locker Room
26 MacDonough Pull-up Bars
27 MacDonough Men's Locker Room
28 MacDonough Training Room
29 7th Wing Cycling Room
30 Lejeune Training Room

Lejeune Men's Swimming Locker

31 Room
32 Dahlgren Hockey Locker Room
33 Hubbard Hall Rowing Equipment
34 Hubbard Hall Men's Locker Room
35 4th Wing Squash Courts
36 4th Wing Squash Equipment
37 MacDonough Raquetball Courts
38 Lejeune Women's Locker Room
39 Halsey Women's Locker Room

40

Hubbard Hall Women's Locker Room
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